Iron Deficiency after Partial Gastrectomy
Enthusiasm for the operation of partial gastrectomy has declined with increasing awareness of its sequele. While surgeons search for a procedure of equal efficacy for the treatment of peptic ulceration, patients who have had partial gastrectomy continue to require treatment for nutritional disorders, some of which pose problems in our understanding of iron metabolism.
The incidence of anaemia after partial gastrectomy increases with time after operation, the rate of fall of haemoglobin being faster in women than in men, particularly in women below the age of 50 (Baird & Wilson 1959) . Iron deficiency is by far the most common cause, and is seen earlier in those who have had no replacement of deficient iron stores at the time of operation (Callender 1967) . The pathogenesis of iron deficiency in these patients is now generally regarded as multifactorial (Callender 1967 , Baird 1967 , although the relative importance of the various causes is controversial. Overt chronic bleeding is uncommon and tests for occult blood are usually negative (Hobbs 1961 , Hines et al. 1967 . But in some patients measurement of bleeding by isotopic means has shown losses of 3-6 ml daily which are significant if there is defective diet or malabsorption (Kimber et al. 1967) . Dietary intake of iron may be marginal and allowance has to be made for interference with availability of iron by other constituents in the diet such as bread and egg (Jacobs & Greenman 1969) .
There is now considerable evidence of malabsorption of food iron in postgastrectomy patients. Earlier studies showed normal absorption of small amounts of ferrous salt given with ascorbic acid (Smith & Mallett 1957) and of the iron in hemoglobin if it is given alone (Baird & Wilson 1959) . This is to be expected because the small intestinal mucosa is nearly always normal in these patients (Baird 1967) ; and gastric secretion is not important for absorption of haemoglobin iron given without food (Biggs et al. 1962) or of ferrous iron if ascorbic acid is present. In contrast, if the test dose is given with a meal, there is defective absorption of a tracer amount of ferric chloride or of labelled hemoglobin iron (Stevens et al. 1959 , Baird & Wilson 1959 . Absorption of iron added to bread is particularly inefficient (Choudhury & Williams 1959) . Since iron absorption is increased by reduction in iron stores, the most valid comparisons can be made in patients with iron deficiency anamia in whom stores are absent. Tests of absorption of a tracer amount of radioactive ferric chloride given with a standard meal in my labora-tory have shown a wide variation in level of absorption both in simple iron deficiency aneemia and in iron deficiency after partial gastrectomy, although mean absorption in 53 postgastrectomy patients (32-5 % s.e.m. +2<11 %) was significantly lower than that in 47 control patients (49-7 % ± 2-48 %) (P < 0-001). This variation in absorption is partly due to differences in gastric secretion. In the simple iron deficiency patients, those with achlorhydria absorbed less than 45% and those with retained acid secretion between 40 and 90%. In the majority of patients with postgastrectomy iron deficiency absorption was similar to that in achlorhydric patients with simple iron deficiency anaemia. These results suggest that reduction in gastric secretion may be one cause of defective absorption of ionic iron after gastrectomy.
One important constituent of gastric secretion is hydrochloric acid which improves the absorption of ferric iron in achlorhydric patients (Jacobs et al. 1964 ); in addition, Jacobs & Miles (1969) have demonstrated recently the presence of a mucopolysaccharide which acts as a carrier of iron, the complex being stable at neutral pH. Normally, most of the iron released from food in the stomach becomes bound to this carrier, and probably is released from its binding by substances like ascorbic acid, cysteine and citric acid. The mucopolysaccharide is presumably present in stomach extracts and its presence may account for the augmentation of absorption of ionic iron in postgastrectomy patients by Pepsac (Turnberg 1966 ) and improved absorption of iron given with gastric juice in gastrectomized rats (Murray & Stein 1968 ). Lack of this substance might account for reduction in absorption of ionic iron. Of the releasing substances ascorbic acid is of particular importance because it has so often been added to test doses of iron used in absorption studies with considerable influence on the results. Ascorbic acid corrects the absorptive defect for ferric iron seen in achlorhydric patients (Williams 1959) and the small amount in the meal used in my studies considerably affects the results, absorption being much less if the mandarin oranges are omitted from the meal (Turnbull 1965) .
In addition to the effects of deficient gastric secretion, lack of gastric digestion would also be expected to impair absorption of food iron by reducing the liberation of iron from food, a process which is markedly dependent on peptic digestion (Jacobs & Greenman 1969) .
The effects of reduction in gastric secretion and digestion on absorption of haemoglobin iron are more difficult to assess. It is important that Baird & Wilson (1959) were only able to show defective absorption when h2emoglobin was given with a substantial meal, not with a light one. In normal subjects the blocking substances which reduce absorption of ionic iron do not affect absorption of hemoglobin iron (Turnbull et al. 1962) because, although the hmemoglobin molecule is split within the intestinal lumen, the iron is absorbed into the mucosal cell without being released from ham (Conrad et al. 1967) . The absorption of hem is reduced by polymerization and enhanced by substances, such as breakdown products of globin, which decrease its polymerization. There is also apparently a substance present in depepsinized gastric juice and in intrinsic factor preparations which enhances absorption of haemoglobin iron in patients with pernicious anemia (Waxman et al. 1968 ), probably by complexing with ham. The large meal might, therefore, interfere with absorption in a number of ways. First, it might interfere with the action of this complexing substance, which would be expected to be secreted in reduced amounts after partial gastrectomy, as is intrinsic factor (Ardeman & Chanarin 1966) . Scondly, the size of the meal might overload the limited capacity for peptic digestion of globin and other proteins, and limit the availability of their breakdown products which also limit polymerization of hem. Thirdly, there may be mechanical factors, such as rapid emptying of the gastric remnant and intestinal hurry, which may be exaggerated by the size of the meal. This last effect can be studied by measuring the effect of recumbency, which delays gastric emptying after Polya gastrectomy (Bruusgaard 1946) , and by giving atropine. Recumbency alone does not affect absorption of a tracer dose of iron added to a standard meal. There is some improvement in absorption when recumbency is combined with an injection of atropine (Tumbull 1965) .
The normal absorptive capacity of the intestine has been mentioned. It should be added that the impairment in absorption of iron bears no relation to that of fat (Turnbull 1965) . Steatorrhcea after gastrectomy is usually due to reduction of pancreatic enzymes and their admixture with food (Butler 1961) ; increased rather than decreased iron absorption has been associated with impaired pancreatic function (Davis & Badenoch 1962) .
The diagnosis of iron deficiency after partial gastrectomy is not difficult. Except where iron deficiency is masked by lack of vitamin B12 or folic acid, the red cells are microcytic and hypochromic, and the plasma iron is low. It has been claimed that there is no increase in iron-binding capacity in these patients (Hobbs 1961), but this is not my experience. Mean total iron-binding capacity and its standard deviation in 64 patients with postgastrectomy iron deficiency (444 ± 605 ,ug/100 ml) was almost identical to that in 51 patients with uncomplicated iron deficiency anamia studied over the same period (441 ± 51 6 ,ug/100 ml). Figures for plasma iron in these patients were 32 ± 14-5 ,ug/100 ml and 26 ± 99 ,ug/100 ml res-pectively. In patients presenting with megaloblastic anxmia the presence of iron deficiency may be confirmed by lack of stainable storage iron in a marrow smear and by the change in the blood film to a hypochromic picture after appropriate vitamin therapy. It may be noted here that, in patients presenting with iron lack, but suspected of also being deficient in vitamin B12 or folic acid, the marrow should be examined for megaloblastic changes after effective iron therapy.
Most patients with iron deficiency after partial gastrectomy respond to iron by mouth (Baird 1967) . Only tablets which disintegrate rapidly should be used, such as ferrous glycine sulphate, but some patients respond only to iron in liquid form (Hobbs 1961) . Of 75 patients in my study 58 responded adequately to tablets, only 3 requiring liquid iron. One would tolerate only slow-release tablets, but these are not recommended. Thirteen were given parenteral iron, but only 6 of these had been shown to be refractory to oral therapy.
By comparison with patients with simple iron deficiency anxmia the response of postgastrectomy patients to treatment with ferrous glycine sulphate tablets may be both delayed and slow. In some cases this may be attributable to coincident vitamin deficiency. The explanation in the remainder is uncertain, but it does not appear to be due to malabsorption of a therapeutic dose of iron if this is given in liquid form. This was shown by comparison of absorption of two doses of radioactive iron in 17 patients with simple iron deficiency anmmia and in 13 patients with postgastrectomy iron deficiency, the two groups being comparable for mean haemoglobin, plasma iron and ironbinding capacity. All were given a tracer dose of radio-iron with the standard meal on the first day, then two weeks treatment with oral iron, and then on the 15th day a labelled dose of ferrous iron in liquid form after another standard meal, ferrous sulphate for the control patients and ferrous glycine sulphate for the postgastrectomy patients.
Mean absorption of the tracer dose was 548 Y% (s.e.m. ± 406 %) in the control patients with simple iron deficiency anemia and 42-4 % (s.e.m. ± 4-46 %) in the patients with iron deficiency after partial gastrectomy. Mean absorption of the therapeutic dose was 27 5 % (s.e.m. ± 3-08 %) in the controls and 27-7 % (± 4 09%) in the postgastrectomy patients. These results suggest that the slow response of some postgastrectomy patients is due to iron in tablet form being less readily available for absorption rather than to an absorptive defect for iron in therapeutic dose.
Recurrence of iron deficiency is common in postgastrectomy patients, but may be prevented either by regular courses of treatment in full dosage or by a continual supplement of iron. Thirty-six of my patients have been on a mainten-ance dose of ferrous glycine sulphate for up to 5 years. Thirty-three have maintained normal hlemoglobin and plasma iron on one tablet daily. One man and 2 women began to relapse on this dose but have been maintained on 2 tablets daily. Turnbull Idiopathic hmmochromatosis is best considered as a clinical and pathological syndrome. Essential to the diagnosis is hepatic cirrhosis, often inactive, with Grade IV iron-deposition in the liver, iron being present in the cells throughout the liver lobules and in the Kupffer cells and fibroblasts (Williams 1968 (Davis et al. 1966 ) may be responsible.
Assessment ofBody Iron Stores
Many workers have shown that the iron excretion induced by the chelating agent desferrioxamine is a reflection of iron stores in hxmnochromatosis. Verloop (1964) and Vannotti (1964) have suggested that this could be used to differentiate between hmmochromatosis and cirrhosis with siderosis although other workers have disagreed (Walsh et al. 1965) . The development (Fielding 1965 (Fielding , 1967 of the differential ferrioxamine test in which a marker dose of r9Fe-labelled ferrioxamine is given simultaneously with the desferrioxamine has proved a reliable index of iron stores (Smith, Studley & Williams 1967 ). Recently we have been able to test the validity of this latter technique by measuring the chelatable iron stores (Fv) serially during venesection therapy. The amount of iron removed from each patient was calculated from the volume and the hemoglobin concentration of the venesected blood. In the 13 patients studied (Fig 1) there was a close correlation (R= +0-646, P <0-001) between the change in Fv value and the amount of iron removed, and we would conclude that the differential ferrioxamine test is an accurate guide to storage iron.
A high serum iron and an increased percentage saturation of the iron binding capacity are often regarded as a good index of excess iron stores. However, when the Fv value was compared with the percentage saturation of the iron-binding capacity there was an obvious relationship but there was a wide scatter. We found that a number of patients had a high percentage saturation while the Fv value remained normal (Smith et al. 1969 ). This phenomenon occurs frequently during the early stages of iron reaccumulation after venesections cease, when serum iron rises rapidly before a significant build-up of chelatable iron.
Siderosis in liver biopsy specimens has long been regarded as a good guide to iron overload. We have been able to demonstrate a close correlation between the iron content as judged by a histological technique and the tissue iron level as measured by atomic absorption spectrometry, following a wet-ashing procedure. It has also been I000 500 R a0."6 P < 0*001 2 4 6 ..
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